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Docket No. F-7906 Ser. No, 10/628,612 

AMENDMENTS TO THE SPECIFICATION: 

A substitute specification and abstract is provided herevviib to facilitate 
prosecution of the application. Additionally, amaiked reproduction of the original 
specifii^ation and abstract, sho\>ring changes effected in the substitut: specification 
and abt^act, is submitted herewith. 
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SUBSTTTUTE SPECIFICATION 
^•7^0'' Ser.ho. 10/628,612 

METHOD FOR WINDING STRIPS ON THE BUILDING ^ ACHINE 

This is a Continuation of Application Serial No. 09/804,56 ' filed March 
12. 2001, now issued as U.S. Patent No. 6,602.367. which is a Divisional of 
08/943,068 filed October 2, 1997. now abandoned, vrfiich is a Coreiinuation of 
5 08/625,989 filed April 1, 1996, now abandoned, which is a Contin,iation of 
08/400.302 filed March 16, 1995, now abandoned, which is a Coniinuation of 
08/187,775 filed January 26, 1994, now abandoned, which is a Continuation of 
07/666,099 filed March 7, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

10 1. Technical Field 

The inventions disclosed in Hiis application relate to methods for 
winding an automotive tire building strip member on a building dru m. 

More particularly, the first invention in this application provides a 
method for winding a strip membw, such as rubberized steel cord, t-ead rubber 
15 or the like, precut to the circumferential length of the building drum of a tire 
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building machine, on the building drum in such a manner that bott. ends of the 
strip member will be exactly abutted against each other on the dru:n. 

The second invention in this application relates to an autonr otive tire 
building device wherein the lapping margin of ends of a strip menrber wound on 
5 a builoing drum can be automatically measured. 

2. Prior Art 

In winding a tire strip member on a building drum, it is at tmes required 
to insure exact abutment of its ends and at other times required tha the lapping 
margin (positive and negative) be within certain allowable limits. 

As a technology for insuring exact abutment of both ends o: ' a strip 
member, such as rubberized steel cord or tread rubber, in the winding thereof on 
the building drum of an automotive or other tire building machine, there is 
known a method described in Japanese Patent Publication No. 61-32980. 
According to this method, the length of the strip precut to the circujnferential 
length c)f the building drum is measured and, then, a leading portion, of 
predetennined length, of the strip is taken up on the building drum it the feeding 
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(takeup) speed equal to the peripheral speed of the drum. Then, the; feeding 
speed relative to the building drum speed is ahercd to either compiess or streteh 
the stnp while its intermediate portion is wound on the building dram. Finally, 
the feeding speed is re-equalized with the peripheral speed of Ihe building dram 
5 to wind up the remaining portion of the strip member on the drum. 

However, the strip monber tends to shrink with the progress of time 
after cutting and the time to tennination of shrinka^ and the amouat of 
shrinki^e is dependent on the environment and othw conditions. Under certain 
conditions, the amount of post-cutting shrinkage reaches as much as about 0.5%. 
0 Mor o\ er, the length of the strip member varies wifli the magnitude of the 

tension that acts on the strip when it is transferred from a transfer c mveyer to 
fte building drum and the pressure of contact between the strip and the drum. In 
the pricT art method mentioned above the total length of the strip ntsmber Is 
measured while it is undergoing shrinkage after cutting and the ratio of the 
> feeding speed to the peripheral speed of the building drum is set act ording to the 
length ^-alue thus found so as to compress or stretch the intennediatj portion of 
the strip. As a consequence, the aforesaid ratio is often urelevant and there 
occurs im excess or a shortage of compression or stretching of die s rip member, 
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thus Ciiusing a lapping of the leading and trailing ends of the strip nember or a 
gap therebetween. 



Therefore, in the first invention in this application provides a winding 
method which insures exact abutment of flic ends or abutment witl:iout an 
5 appreciable overlap or gap. 

Furthermore, in the process of manufacture of an automoti\ e tire, not 
only the steel cord and tread rubber mentioned above but a variety of other 
rubber-based strip members are cut to length and both ends thereo* are joined to 
build single-layer or multi-layer ring or cylindrical members. For cicample, on 

10 the primary building machine, an inner liner (a strip member of nitber) and a 
plurality of ply cords (rubberized fiber cords or steel cords), all pre:ut to the 
circumferential length of the building drum, are laid up on the peripheral surface 
of the drum. In the secondary building machine, two steel belts (rubberized steel 
cords), a cap ply (mbberized nylon cord), etc. are laid up some of t lese different 

15 strip members are not joined by abutment at ends as described abo^ e but arc 
joined 1)y lapping the trailing end oyer the leading end on the drum. As 
mentiojied above, the strip member has the property to shrink on standing after 
cutting to length as mentioned above and the amount of this shrinkeges varies 
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with changes in environment. Also as mentioned above, the lengtli of the strip 
member is altered by external forces that act on the strip when it i:. transferred 
from the conveyer to the drum. Therefore, even if the strip member has been cut 
precisely to lengtfi, a variation is inevitable in the degree of lapping of both 
ends. Therefore, it is common practice for flie operator to trim off the rubber or 
cord at the trailing end when the degree of lapping is too large or Tuiwind the 
strip partway and rewind it with stretching when there is a gap bet^en ends. 

However, (he conventional tire building machine is not eqvipped with 
very effective means for inspecting the end joint of the strip member and the 
current trend toward automation of tire building cannot complete!; ' avoid a risk 
of products with the surplus or deficiency in end lapping being shipped 
uncon^cted and marketed. 

Accordingly the second invention in this application provic es a tire 
builduig device which is capable of detecting a surplus or deficien ;y in end 
lapping while a strip member is wound on a building drum of the primary or 
second building machine. 

SUMMARY OF THE INVENTION 
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The method for winding a strip member on a tire building machine in 
accordance whh the first invention in this application comprises feeding a strip 
member to a building drum by means of a transfer conveyer, taking up the strip 
member on the building drum while controlling the speeds of the transfer 
5 conve:/er and building drum and joining free ends of the strip meaiber, which 
method is characterized by setting the feeding speed of the transfe:- conveyer 
and tfa'3 peripheral speed of the building drum to equal values, taki ig up a 
leadinj5 portion, of predetermined length, of the strip member on fJie building 
drum, detecting the position of a trailing end of the strip member c n the transfer 

10 conveyer to calculate the length of a trailing portion following the leading 

portion of the strip member, setting the ratio of the feeding speed c f the transfer 
conveyer to the peripheral speed of the building drum to tfie ratio l/Lo, where L 
is the length of the trailing portion and Lo is the residual circumfetantial length 
of the ^xiilding drum, only when the L/Lo ratio is within a set rang-: and taking 

15 up the trailing portion of the strip member, while the takeup of the trailing 

portion of the strip member is stopped when the ratio L/Lo deviates out of the 
set range. 

ThuSj after completion of the takeup of a leading portion of the strip 
membtir or just before the beginning of takeup of a trailing portion of the strip 
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member, the length of the trailing portion is measured and the trailing portion is 
wound only when the ratio L/Lo of the length of the trailing portica of the strip 
member to the residual circumferential length Lo of the building drum is within 
a set rmge, with the ratio of the feeding speed to the peripheral sp<ied of die 
5 building drum being set to the ratio L/Lo, with the resiUt that the e Tor of length 
L of tlie trailing portion of the strip member is minimized to preclude an 
excessive overlap or gap between ends of the strip member, thus k-ading to 
exact abutment of the ends or a minimum of overlap or gap. 



The length of the leadmg portion of the strip member is preferably set to 
10 30.abcut.80% of one circumferential length of the building drrnn^ . f the set 
length is less than 30%, installation of a leading end sensor is diflfi ?ult 
Conversely if the set length is over. 80%, the stretching or compression of the 
strip niember is concentrated in the trailing portion thereof to adversely affect 
the quality of the product, 

1 5 The ratio L/Lo applicable to the case of continued takeup o: ' the trailing 

portion of the strip member is preferably set within the range of 
0.995.about 1.005. Outside of this range, the amount of stretching ir 
compn:ssion becomes too great to insure the proper winding. 
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The method of winding the strip member in accordance with the second 
invention in this application comprises using a tire building machijie having a 
building drum for taking up a tire building strip member of predetermined 
length endlessly and a transfer conveyer for feeding the strip mem'ier to the 
5 building drum, which method is characterized by detecting the wir ding-start end 
of the .strip member transferred from the transfer conveyer to the b iilding drum 
and th<5 winding-fmish end of the strip member with end sensors, r leasuring tiie 
angle through which the building drum has rotated from the output of a winding 
start signal to the output of a winding finish signal in response to cyj^ut signals 
10 from tlie sensors by means of an angle detector, and calculate a lapping margin 
between the winding start end and the winding finish end of the strip member 
based on the rotational angle and diameter of the building drum by means of an 
operational means. 

In the above method, since the lapping margin between the two ends of 
15 the stri D member is calculated by the operational means, the buildir .g operation 
can be continued v^le the lapping margin is within a preset allowable range or 
the operation can be discontinued or an alarm be actuated when the lapping 
margin deviates out of the allowable range, that is to say when the lapping 
margin is too large or too small. Therefore, in the automatic buildirg process for 
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car tirc-s, the risk of products with lapping defects being shipped C5 n be 
effectively prevented 

It may be so arranged that one end sensor of the above-described type is 
used to detect both the winding start and winding, finish ends of strip 
membco' or that two such end sensors are installed apart from each ^ther by an 
optioniJ angle along the circumferential direction of the building dium so that 
one of the sensors is used to detect the wuiding start end with the olier sensor 
detecting the winding finish end. 

Furthermore, a still more improved accuracy may be insurer I by 
installijig end sensors in a plurality of positions, for example in Ae center and in 
positions on both sides thereof. Moreover, to cope with the case in •;vhich one 
strip raomber has an intermediate joint of material and this joint builds a step, it 
may be so arranged that the trailing end sensor is rendered operative only within 
a certain range, for example in the range of 5 mm, before and afier - he winding 
start end, whereby the risk of the joint being mistaken for the windi ig finish end 
and detiicted as such. 
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In the second invention in this application, the lapping marf in of the strip 
memtxT wound on the building dninn includes both a positive valut; and a 
negati^ e value. In other words, the case in which the two ends of the strip 
memlxT actually overlap and the case in which there is a gap betwe en the ends 
5 are included. The winding operation is stopped when the actual overlap or gap is 
too great or too small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing an example of the first invention ux 
this ap;3lication. 

10 FIG. 2 is a view similar to FIG. 1> showing an example of t le second 

invention in this application. 

FIGS. 3 and 4 each is a schematic side view of the building drum, which 
explains the operation of the example shown in FIG. 2. 
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DETAILED DESCRIPTION 



FIG. 1 shows an example of the first invention in this application. 



A$ illustrated, A stands for a tire steel belt, that is to say a s trip member, 
1 for a transfer conveyer therefor, 2 for an end pulley, 3 for a guid^ pulley, 4 for 
5 a drive pulley, and 5 for a building dnim. The drive pulley 3 is eor nected to a 
drive .shaft of a transfer servo motor 6 and the rotation of this servD motor 6 is 
controlled by a transfer servo amplifier 7. The rotational speed of ihe transfer 
servo :tiotor 6 is detected by a pulse oscillator 8 and fed back to thi servo 
ampliiier 7. On the other hand, the building drum S is connected to a drive shaft 
10 of a dium servo motor 9 and the rotation of this drum servo motor 9 is 

controlled by a servo amplifier 10. The rotational speed of the drum servo motor 
9 is detected by a pulse oscillator 1 1 and fed back to the servo amf -lifier 10. 



Disposed over die btulding drum S is a leading end sensor .2 for 
contacdess detection of a front end Aa of the strip member A and an output of 
15 the leading end sensor 12 is connected to a sensor amplifier 13, Or. the other 

hand, a trailing sensor 14 for detecting the position of tfie trailing end Ab of strip 
member A is installed over the transfer conveyer 1. Output terminals of the 
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trailing end sensor 14 and the sensor amplifier 13 are respectively connected to a 
trailing length meter 15 for calculating the length L of a trailing portion (the 
length from point P to Ab) of the strip member A, When the leadinj; portion of 
strip member A i$ progressively wound on the building drum 5 and the leading 
S end Aa of strip member A is detected by the leading end sensor 12, the trailing 
end sensor 14 detects the position of the trailing end Ab of strip me nber A and 
the trailing length meter 15 calculates the lengfli L of the trailing pcrtion of A 
which i 3 stiU to be woimd on flie building drum 5, 

The output terminal of the trailing length meter 15 is connecced to a 
10 speed ratio calculator 16. This speed ratio calculator 16 calculates tlie ratio L/Lo 
of ttie kmgth L of the trailing portion to a length of strip member A which is still 
to be wound on the building drum 5, that is the residual circumterertial length 
Lo (lenj^th from point P to Aa) and transmits a signal corresponding to the ratio 
to the transfer servo amplifier 17 and drum servo amplifier 10, Onlj when the 
15 ratio Ul^o is within a set range, the transfer conveyer 1 and building drum 5 are 
driven at a speed ratio corresponding to the ratio L/Lo. On the other hand, when 
the ratio L/Lo deviates from the set range, the transfer conveyer 1 and building 
drum 5 ire respectively stopped. 

12 
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In winding a strip member A having a total length of 2,000 mm on a 
buildirg drum having a circumferential length of 2,000 mm, the length of the 
leadins; portion of strip member A is set to 1,500 mm (75% of the lotal length) 
and the speed of the transfer conveyer 1 and the peripheral speed of the building 
5 drum 5 are set to the same value. In this condition, the leading portion, which is 
1,500 lom long, of the strip member A is taken up on the drum. As the leading 
end Aa of this strip member A is detected by the leading end scnso ' 12, flie 
trailing end sensor 15 detects the position of the trailing end Ab of ;trip member 
A and the trailing end length meter 15 calculates the length L of the trailing 
10 portion of the strip member A, Then, the ratio L/Lo of this lengdi L of the 

trailing portion to the known residual circumferential length Lo of the building 
drum 5 is calculated and when this ratio L/Lo is within the range of 0,995 to 
h005, (when L/Lo is -2.5 mm - 0 mm), the ratio between the peripieral speed 
of the building drum 5 and the feeding speed of the transfer convey sr 1 is set to 
15 the L/L.D so that the strip member A is taken up under tension, i.e. under a 

stretching force, on the building drum, whereby the leading and trai ing ends of 
the strip member A are exactly abutted against each other without a ly surplus or 
deficiency. However, when the ratio L/Lo deviates from the above-mentioned 
range, tlie transfer beh 1 and the building drum 5 are respectively st )pped and 
20 the strip member A is removed. 
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FIGS. 2 through 4 show an cmbodiraent of a second invention in ttis 
application. 

Referring to FIG. 2^, A stands for a $trip member, 1 for a tra nsfer 
conveyer, 2 for a belt pulley and 5 for a building drum. The building drum 5 and 
transfej* conveyer 1 are driven in the direction of the arrow marks to wind the 
strip mismber A on the building drum 5. 

Along the path in tfie direction of advance of the building drum 5 fiom 
point P where the strip member A begins to contact the drum 5, the -e are 
provided a first end sensor 25 and a second end sensor 26. The end sensors 25 
and 26 each comprise a photoelectric element which photoelectricaHy detects 
the end of the strip member A, Connected to the building drum 5 is an angle 
detector 30 through a toothed pulley 27, a toothed belt 28 and a toothed pulley 
29. The output terminals of the first end sensor 25, second end sensor 26 and 
angle dt:tector 30 are respectively connected to an operational unit 31 which 
calculates a degree of end lapping of the strip member A. 



F7906 npewpd 



PA(X5(IS5<IPDAT1(II20/20(IS4:47:MPM [Eastern DayfightTimel'SVKUSI^ 



10/20/2005 17:02 FAX 12129537733 



11051/055 



SUBSTITUTE SPECIFICATION 
F-7906 Ser.No. 10/628,612 

In the above arrangement, as the building drum 5 and transfer conveyer 1 
are drii'en to take up the strip member A on the building drum 5 aol the leading 
end Aa of the strip member A reaches the position of the first end sensor 25, the 
angle detector 30 is actuated and as Ae same leading end Aa then t caches the 
5 position of the second end sensor 26» the angle of rotation of the building drum 
5 from the time of detection of the leading end Aa by the first end sensor 25 to 
the time of detection of the same end Aa by the second end sensor is measured. 
Then, based on this measured angle of rotation, the angle.theta..sub.O (degrees) 
irom the second end sensor 26 to the first end sensor 25 is calculated and stored 
10 by the operational unit 3 1 and, at Ifae same time, flie indicator of the angle 

detector 30 is reset to zero. Then, as the first end sensor 25 detects the trailing 
end Ab of strip member A (FIGS. 3 and 4), the building drum 5 stow rotating 
and the angles of rotation.theta..sub. 1 andtheta,.sub.2 (degrees) are measured. 

FIG. 3 shows the situation where the angle of rotation.theta. sub.l 
15 (degrees) is larger than the angle.theta-.sub.O between the two end sensors 25 
and 26 .uid the end Aa and Ab of the strip member A overlap. The lapping 
margin X in this situation is defined as follows. 
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0—0 
(D + 2t)itx-! 0. «x 

360 

\ 

1 
\ 

\ 

where D is the diameter of the building drum S and t is the thicmess of strip 
memb€4: A. 



This value of X is calculated by the operational means 71. 

5 FIG. 4 shows the situation where the angle of rotation.theta..s xb.2 (degrees) 

is smaller than the angle.theta..sub.O between the two end sensors \i5 and 26 and 
there is a gap between the ends Aa and Ab of the strip member A. Th: gap Y in this 
situation is given by the following equation 



(D + 2t)ilx-5 ^ =Y 

360 



10 where 0 is the diameter of the building drum 5 and t is the thickness of the strip 
member A 

This value of Y is calculated by the operational means 3 1 . 
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While the above embodiment employs two end sensors 25 and 26, t le second end 
sensor 26 shown in FIG- 2 may be dispensed with and only the first and sensor 25 
be used to determine the angle corresponding to approximately one tf im. However, 
when two end sensors are iised in the above embodiment, the change in length 
5 betweei flie two sensors 25 and 26 can be disregarded and a iiore accurate 
measurement can be realized. It should be understood that in buildi ig the second 
and sut sequent layers of strip member A, the thickness of strip member A already 
taken up is added to the diameter D of the building drum. 
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